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Abstract
This proceeding is based on a talk I gave at the 13th Marcel Grossmann Meeting
in Stockholm Sweden.
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Compactification of extra dimensions in string theory leads to a vast number of (3 + 1)
dimensional worlds, (about 10500 so far), coined the landscape. At the time of the discovery
of the landscape, the question which one of these worlds is our universe seemed hopeless.
Many argued that the vastness of the landscape undermines the very foundations of string
theory for two reasons: (i) the theory seemed unfalsifiable since for every observation we
could find a matching world on the landscape; (ii) the method advocated at the time for
making sense of this landscape was the anthropic principle. The former objection implied
string theory can not be scientific. The latter concern is that anthropics do not help
scientific inquiry and rigor [2] but rather it may seem to push some version of creationism
to the next level. For these reasons the whole field of string theory and also, of cosmology
that relied on it for answers about fundamental questions such as the origins of the universe,
seemed to be in deep crisis at the beginning of the millenia.
In 2004 I proposed to view the landscape as the configuration space of the initial con-
ditions of the universe and to derive these initial conditions by the method of quantum
cosmology. The idea of this proposal was that we allow the wavefunction of the universe to
propagate on the landscape [1]. Since then, I have been advocating that the question of the
origins can only be addressed if we have an ensemble of possible initial conditions, a.k.a a
multiverse [4]. In this theory, the landscape is the working model of the ensemble of initial
conditions. The idea of placing the wavefunction of the universe on the landscape of string
theory, provided a formalism by which we could calculate and solve quantum equations-
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known as the Wheeler De Witt (WDW) equation- on the N-body landscape, thus deriv-
ing the most probable initial conditions for the origins of the universe in that structure.
The WDW equation is: HΨ[a, φ] = 0, where H = Hg + Hφ is the total hamiltonian of
the system with Hg, Hφ the components that depends on the gravitational and scalar field
degrees of freedom respectively. Ψ[a, φ] is the wavefunctional of the universe operating on
a minisuperspace defined by the two variables: the metric of FRW 3−geometries given by
the scalar factor a(t) with line element
ds2 = −N2dt2 + a2(t)dx2, (1.1)
and, the scalar field φ which is the collective moduli field that parametrizes the landscape [3]
with energy V (φ). Due to the structure of the landscape where most of the internal degrees
of freedom are Gaussian peaked around a mean value, the parametrization of the landscape
by the collective coordinate φ and potential energy V (φ) is justified. The WDW equation
reads
HˆΨ(a, φ) = 0 with
Hˆ =
1
2e3α
[
4π
3M2p
∂2
∂α2
−
∂2
∂φ2
+ e6αV (φ)
]
. (1.2)
Here the scale factor a has been written as a = eα and all the information about the
landscape is contained in V (φ). After solving the WDW equation on the landscape we
found that the most probable universe is the one that sits at the lowest energies on the
landscape [1]. The reason for the selection of low energy vacua in the above first stage of
derivation [1], is that we needed to have included decoherence among the various solutions
of the WDW equation in the formalism, in order to hope for deriving a realistic answer for a
universe that starts as a quantum wavepacket but then grows and undergoes the quantum
to classical transition.
In 2005 with R.Holman we included decoherence into the above proposal by taking
into account the backreaction of the long wavelength quantum fluctuations fn of the
field and of the metric comprising the bath, onto the wavefunction of the universe be-
ing the system [6] hij = a
2 (Ωij + ǫij) , φ = φ0 +
∑
n fn(a)Qn. Our initial WDW equa-
tion became a Master equation HΨ[a, φ, fn] = −ΣHnΨ[a, φ, fn] operating on an infi-
nite dimensional medi-superspace (a, φ, fn) where Hn contains the backreaction of fluc-
tuation modes fn . We solved this equation as an N-body problem in an infinite dimes-
nioanl medi superspace [6], without reducing it to a 2-body tunneling problem. When
solved correctly, due to destructive interference from multiple scattering of the wavefunc-
tion on the landscape, the wavefunction undergoes Anderson localization [5]. The full
quantized Hamiltonian Hˆ = Hˆ0 +
∑
n Hˆn then acts on the wavefunction which can be
approximately written as Ψ ∼ Ψ0(a, φ0)
∏
n ψn(a, φ, fn) leading to the Master equation
Hˆ0Ψ0(a, φ0) =
(
−
∑
n〈Hˆn〉
)
Ψ0(a, φ0). The angular brackets denote expectation values
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in the wavefunction ψn, m
2 ≃ V ′′(φ) is the curvature around the vacua where the wave-
function is localized, and Hˆn = −
∂2
∂f2
n
+ e6α (m2 + e−2α (n2 − 1)) f 2n We solved the Master
equation as an N-body problem and estimated the probability by the quantum mechanics
expression P ≃ |Ψ|2 . As an aside, this system is very similar and in the same universality
class as quantum dots and spin glass in condensed matter.
The result of this derivation, with decoherence included, was that the most probable
universes are the ones that start at high energy vacua since only they can survive the
backreaction of massive fluctuations. This theory thus lead to the emergence of a quantum
dynamic selection criterion for the origins of our universe. The effect of the ’bath’ of long
wavelength fluctuations onto the system-the wavefunction of the universe- is to trigger
decoherence. Decoherence and entanglement are closely related. Calculating the effect of
the latter onto our observable sky, led us to a series of observational predictions [7]. The
backreaction term incldued in the Master equation, arising from the ’bath’ of fluctuations,
induces an energy shift to the classical path of the wavepacket. This energy shift becomes a
nonlocal energy correction to the Friedman equation of expansion and to the gravitational
potential of our universe through a Poisson equation. With T. Takahashi, we calculated the
nonlocal energy and graviational potential corrections due to superhorizon entanglement
in 2006 [7], by methods of 2nd order WKB. The highly nonlocal correction we derived for
the Friedman equation from the shift of the wave’s classical path is required for consistency
with Einstein equations and is given by H2 = 1
3M2
P
[
V (φ) + 1
2
(
V (φ)
3M2
P
)2
F (b, V )
]
≡ Veff
3M2
P
with
F (b, V ) =
3
2
(
2 +
m2M2P
V
)
log
(
b2M2P
V
)
−
1
2
(
1 +
m2
b2
)
exp
(
−3
b2M2P
V
)
. (1.3)
All surviving branches provide the current multiverse. The correction to our gravita-
tional potential w calculated from F (b, V ) above, originates from entanglement of our
branch with all else in the multiverse. This correction led us to a series of predictions
in 2006 [7] that test our theory such as: the existence of the giant void at 9 billion yrs
away of size roughly 200Mpc; the alignement of lowest multipoles; power asymmetry; sup-
presion of dipole power; suppression of σ8 by 30percent; suppresion of power in the CMB
TT−autocorrelations at low multipoles; enhancement of power at high multipoles; absence
of SUSY breaking at Higgs energies; and the bulk flow of structure. The dark flow remains
to be confirmed but all the other predictions are in perfect agreement with observations
made since 2007 to present from WMAP, Planck, LHC and the Kashlinsky et al. team.
1.1 Conclusions
The theory of the origins of the universe from the quantum landscape multiverse described
above, allowed us to derive the quantum selection criterion for the high energy origins
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of our universe from simply applying quantum mechanics on the landscape multiverse,
without any ad-hoc assumptions and no use of anthropic arguments. Observationally we
were able to derive predictions to test this theory. Since our predictions seem so far in
perfect agreement with current observations they should be considered not only as tests
of our theory for the origins of the universe but also the first tests of a rich and complex
structure beyond, that of the multiverse.
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